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Since Bijkman(1) first described polyneuritis gallinarum a 
large number of investigators have studied this disease. At the 
present time there is general agreement among these investi- 
gators that the disease is produced by an exclusive diet of pol- 
ished rice and may be prevented and cured by the addition of 
rice polishings or various extracts of rice polishings to the 
diet. Some of these investigators (2) (3) (4) described briefly the 
symptomatology and pathology of the disease, but the majority 
have confined themselves to the study of its etiology. 
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In a series of experiments lasting for several years and 
reported elsewhere, (5) (6) (7) (8) we have had an excellent oppor- 
tunity to study polyneuritis gallinarum and therefore believe 
that our observations on its symptomatology and pathology may 
be of value. In addition, we have made observations which 
throw an entirely new light on the pathology of this interesting 


disease. 
I. OBSERVATIONS ON SYMPTOMATOLOGY. 


Incubation period.—Observers agree that, when fowls are fed 
exclusively on polished rice, the symptoms of polyneuritis appear 
in from twenty to thirty days. We have a record of 124 fowls 
in which the conditions of the experiment were such as to permit 
an accurate observation of the period of incubation. The average 
incubation period of the disease in these fowls was 26.86 days. 
The shortest incubation period observed was seventeen days, but 
a number of eases occurred in eighteen and nineteen days. On 
the other hand, in a number of cases the disease only appeared 
after forty days. These fowls were all fed on polished rice. 
However, if fowls are fed on a diet of polished rice, but receive 
in addition small amounts of other foodstuffs, or an amount of 
extract of rice polishings which is insufficient to afford complete 
protection, they suffer from the disease in its typical form, but 
only after a greatly prolonged incubation period. Thus, some 
of our fowls on such a diet have developed neuritis after ninety 
days’ feeding, and. Eijkman records a case where neuritis ap- 
peared only after a year’s feeding. 

Percentage of fowls affected—Of 211 fowls on an exclusive 
diet of polished rice, 154, or 73 per cent, have developed poly- 
neuritis while 57, or 27 per cent, have not shown any symptoms 
of the disease. The experiments from which this observation is 
made continuéd for only sixty days. It is, of course, probable 
that a higher percentage of fowls would have succumbed if the 
experiments had been extended over a longer period. 

Course of the disease,—A typical case of the disease may be 
described as follows. Careful observation during the incubation 
period will reveal nothing abnormal, except that the fow! may 
be noticed standing bunched up with ruffied feathers and the 
comb may become blue. The first symptom noticed is a weakness 
of the legs, so that the fowl is unable to walk well, and as he 
steps there is a tendency for the joint formed by the tibio-tarsus 
‘and the tarso-metatarsus to give way, causing the fowl to sink 
to the ground. This is due to beginning paralysis of the extensor 
muscles of the leg which, it will be remembered, are the first 
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muscles to be affected in men suffering from beriberi. A peculi- 
arity in the gait may be recognized before the legs become com- 
pletely paralyzed. This is a tendency to raise the feet high in 
the air and thrust forward with them as though the fowl were 
attempting to brush away something. This high-stepping gait 
has never been seen in any condition affecting fowls other than 
polyneuritis. The fowl may show a tendency to teeter forward 
on its toes, and may stumble when hurried. From the time when 
paralysis first appears the disease progresses with great rapidity, 
and as a rule by the second day the fowl will be unable to stand. 
The position assumed by the bird in this condition is very char- 
acteristic. Usually it sits quite still upon its flexed tarso-meta- 
tarsus, but occasionally a bird of more vigor attempts to walk 
about the cage. However, as the extensor muscles are completely 
paralyzed, it can not walk upon its feet, but shuffies along upon 
its flexed tarso-metatarsus. The paralysis now extends rapidly 
cephalad affecting the muscles of the wings, the neck, and the 
body, usually in the order named. As a result, the bird is soon 
unable to sit up, but lies upon its side. There seems, however, 
to be a general weakness or debility associated with this paralysis. 
At any rate, the fowl becomes prostrated rather more rapidly 
than one would expect as a result of mere muscular paralysis. 
Most of the fowls affected in this way die very promptly, and 
it is by no means unusual to find the bird dead within two or 
three days after the first onset of the disease. Some fowis live 
longer, but almost none survive for a week after the paralysis 
has set in. A ` 

Wing drop.—Many of the birds present this symptom, which 
consists in inability to hold the wings in the aceustomed position 
close to the body. They droop in some cases until the wing 
feathers trail on the ground. This symptom, which is probably 
due to the paralysis of the wing muscles referred to above, does 
not oecur in all cases and comes on later than the leg symptom. 
It will be remembered that beriberi in man almost always com- 
mences by affecting the museles of the legs, and if the arms are 
affected this is almost always during a later stage of the disease. 

Spastieity.— This occurs in rare instances during the develop- 
ment of the disease, but more often during recovery. A fowl 
that has developed this spastic gait stands and walks with the 
knees stiff, leaning forward on the tips of the toes so that the 
ball of the foot searcely touches the ground. In the effort to 
maintain its balance, short rapid steps are taken as though the 
body were so far forward that the feet have to hurry to keep 
up. During walking the feet frequentiy strike together and, 
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when the spasticity is severe, the fowl topples forward as the 
result of this interference of the legs. 

Retraction of the head.—This is a frequent symptom in the 
later stage of the disease. The anterior groups of muscles in the 
neck become paralyzed, and the continued action of the posterior 
groups retracts the head far backward. This overbalances the 
fowl so that it is unable to sit upon its paralyzed legs. If a 
fowl in this condition is placed upon its legs in a squatting posi- 
tion, it makes several spasmodic efforts to retain its equilibrium, 
and finally topples over backward. Such a fowl is unable to rise 
without help. 

Dysphagia.—After the fowl becomes so paralyzed that it is 
unable to arise, dysphagia almost always sets in. The fowl 
appears to be totally unable to swallow normally, and when water 
or medicines are administered they run out of the mouth when 
the bird is laid down, unless care is exercised to prevent this. 
It is also very easy to choke such a bird by attempting to revive 
it by hand feeding. 

Respiration—tThe respiration of the fowl suffering from an 
advanced stage of the disease is slower and deeper than normal. 
As the bird lies on its side, its abdomen may be observed to 
expand and contract slowly almost like a pair of bellows. 

Sensory symptoms.—It is somewhat difficult to obtain accurate 
information with regard to the sensory changes. But by tap- 
ping, pinching, and pricking the legs, and comparing the reaction 
with that obtained in normal fowls, it is apparent that sensation 
is much reduced in the legs of birds suffering from polyneuritis, 
and it is believed that this loss of sensation precedes slightly the 
motor paralysis. It is possible that the peculiar high-stepping 
gait described above may be the result of sensory disturbance. 

Loss of weight.—Progressive loss of weight was an almost 
constant symptom. Thus of 20 fowls fed on polished rice, whose 
weights were carefully recorded, the average weight at the begin- 
ning of the experiment was 3.15 pounds. : The average weight 
of these same fowls taken on the date when the first symptoms 
of polyneuritis appeared was 2.45 pounds. This represents an 
average loss of 0.7 pound, or 22 per cent, of their original body 
weight: A few fowls, however, developed neuritis although they 
lost comparatively little weight. Thus one fowl whose original 
weight was 3 pounds 1 ounce developed neuritis after a loss of 
only 3 ounces, and several fowls lost only 5 ounces, 

This loss of weight is such a constant observation, that the 
view has been held that polyneuritis of fowls is simply the result 
of inanition which is expressed by this loss of weight. That this 
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is not the case is shown by the fact that fowls fed on polished 
rice and protected by an extract of rice polishings also lose weight 
but do not develop neuritis. Thus 25 fowls fed in this way, of 
an average original weight of 3.08 pounds, weighed 2.68 pounds 
at the conclusion of the experiments which lasted ninety days. 
They thus lost an average of 0.4 pound, or 13 per cent, of their 
original weight as compared with the 22 per cent lost by the 
fowls on the same diet but which received no protection. More- 
over, several fowls in this group ended the experiment with no 
loss of weight, and one or twe fowls actually gained a few ounce: 

Fulminating cascs._While the disease, us described above, ap- 
pears to be the usual form, a certain percentage of cases present 
marked variations. Some of the cases are even more vapid in 
their course, and for lack of a better name may be called fulmi- 
nating cases. During the incubation period they may lose con- 
siderable weight and may appear to be in poor health, but they 
rarely show any paralysis of the legs. They will be seen in this 
condition on one day, and the next day will be found lying on 
the side completely prostrated, often with the neck retracted, 
and exhibiting the characteristic breathing already deseribod. 
Death follows within a few hours. The course of the disease in 
these cases is therefore much more rapid, and is marked by much 
greater muscular wasting and general prostration than usual, 

In a still smaller percentage of cases, paralysis of the legs 
occurs suddenly as already described, but the bird remains in 
good general health. The comb is red, the appetite remains 
good, and the fowls lose little weight. We have had several fowls 
that lived in this paralyzed state, but in good health otherwise, 
fora month while still subsisting upon polished rice. 

Treatment.—Fowls affected with any of these forms of poly- 
neuritis can rarely be saved by feeding an ordinary mixed diet. 
Almost all die in spite of efforts to save them by hand feeding. 
But if they are given an extract of rice polishings, the majority 
of them can be saved. A great difference, however, has been 
observed in the manner in which fowls respond to this treatment. 
Thus birds affected with the form of the disease described as 
fulminating have been observed that appeared moribund, but 
recovered almost completely after the administration of this 
extract, so that they were able to walk about within a few days. 
This result has not been obtained with fowls suffering from 
marked paralysis. If birds of this latter group are given this 
extract, they improye in general health, but the paralysis remains, 
and it is usually only after several months of treatment that 
they recover complete control of their legs. 
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The relation between the amount of polished rice eaten and 
the development of neuritis—lt has been generally observed 
that the great majority of the fowls fed on polished rice usually 
lose their appetites after about a week on this diet, and there- 
after eat only small amounts of rice. There are always a few 
fowls, however, which eat greedily up to the very last, and 
will eat far greater amounts than the usual ration allowed (120 
grams). Several deductions have been drawn from this fact 
with regard to the development of neuritis. Some observers 
have thought that those fowls that have eaten well throughout 
the experiment have been protected from the development of 
the disease by this increased consumption of rice and, therefore, 
have been inclined to regard polyneuritis as the result of simple 
Inanition. On the other hand, other observers have thought that 
those fowls that ate the most rice developed the disease soonest, 
and have regarded this as an argument in favor of the theory 
that polyneuritis is caused by some toxin contained in the 
polished rice. We have observed fowls that always ate well, and 
yet developed neuritis sooner than usual; we have observed other 
fowls that ate large quantities of rice throughout the experiment, 
but whose incubation period was longer than normal. Again, 
some of the fowls that have eaten poorly have developed neuritis 
promptly, while others have not developed the disease at all, 
Therefore, it is believed that the amount of rice eaten has little 
to do with the development of the disease, which depends rather 
on the idiosynerasy of the fowl with regard to the amount of 
heuritis-preventing substance required, 


U. OBSERVATIONS ON PATHOLOGY. 


Eijkman, Fraser and Stanton, Chamberlain and Vedder, and 
others have described degeneration in the sciatic nerves of the 
domestic fowl after a prolonged diet on polished rice. The 
questions as to whether the condition is a general nervous affec- 
tion or a peripheral neuritis, as to the extent of the degenerative 
changes, the selective localization of the affection, the place of 
onset of the neuritis and regeneration have led us, in addition 
to what has been said above, into a study of the minute anatom- 
ical changes which may take place in the nervous system in 
such fowls. 

A mieroscopic study was first made of those nervous elements 
in which the degenerative changes are probably first manifested 
and in which these changes are most apparent, that is, the 
peripheral nerves, This, as might well be expected, increased 
our interest in the more obscure changes. 
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In considering in this connection the general question of 
polyneuritis, it is natural to inquire whether the neuritis is 
peripheral or involves the entire nervous system. The neuritis 
produced in fowls by a prolonged diet of polished rice is, so far 
as the best evidence indicates, a neuritis due to a deficiency of 
some food constituent or constituents necessary for the main- 
tenance of the metabolic and functional activity of the nervous 
system. The numerous feeding experiments noted above and 
the experience and results of Eijkman, Fraser and Stanton, 
Chamberlain and Vedder, and others well-nigh place this hy- 
pothesis beyond the pale of doubt. This being granted, it is 
probable that the neuritis is, in a greater or lesser degree, a 
general systematic affection—greater or lesser, because one would 
not expect different animals to react similarly to any given 
etiological factor. 

The observation that some of our fowls show prostration with- 
out showing any well-marked symptoms of peripheral neuritis is 
evidence favoring the theory’ of a general nervous affection. 
This prostration comes on suddenly. It is extremely difficult to 
bring about recovery after the severest prostration. On the 
other hand, fowls show varying degrees of peripheral neuritis 
in the legs while maintaining otherwise good systemic conditions. 
As many cases come under this latter class, and as the affection 
often appears to be distinctly limited to the legs in these fowls, 
we are justified in saying that, whatever the state of the general 
nervous system, the disease shows a great tendency to involve 
the peripheral nerves. However, certain observations on the 
ganglia cells, the nerve cells of the lumbosacral cord, and the 
anatomical changes in the fiber tracts of the cord and the brain 
stem itself have convinced us that the central nervous system 
is much more involved than has been generally thought. 

In those cases where the affection is selective enough to be 
termed peripheral neuritis, one naturally inquires whether it is 
a primary or a secondary affection; that is, whether the degen- 
eration of the fibers of the peripheral nerve precedes or follows 
changes in the nerve cells of these fibers. From our present 
knowledge of the degeneration of nerves, there is little difficulty 
in supposing that the degeneration in the fibers may be primary, 
secondary to, or simultaneous with, degenerative changes in their 
nerve cell, For we know on the Wallerian theory that a fiber 
severed from its cell or deprived of the “tropic” influence of the 
cell undergoes degeneration. And, on the other hand, in a cell 
thus separated from its nerve fiber, atrophic changes occur from 
disuse. 
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Some claim that degeneration in the sciatic nerve in beriberi 
begins in the most peripheral rami, in the smaller branches of 
the lower part of the leg and foot, and proceeds centrally. These 
observers claim that the large sciatic nerve shows degeneration 
at a later period than its peripheral and smaller rami and that 
at any given time the degeneration in a small peripheral ramus 
is relatively greater and further advanced than in the fibers of 
the sciatic in the upper thigh region and precedes any changes 
in the nerve cells. Were these observations confirmed and proved 
beyond doubt for polyneuritis in the fowl, the question of the 
primary affection would be settled. On such a theory of periph- 
eral neuritis we would not expect to find degenerative changes 
in fiber tracts of the cord and the higher nerve centers. At 
most, degenerative changes in the fiber tracts of the cord would 
follow only after atrophic changes in the celis of the dorsal 
root ganglia and of the ventral horn of gray matter had ad- 
vanced to a considerable degree. Since, as Engelmann(9) has 
shown, in a sectioned nerve “in the central stump, despite its 
functional inactivity, no further changes (i. e., beyond the first 
node of Ranvier) occurred for months,” we should scarcely 
expect to find degenerative changes in the fiber tracts of the cord 
(aside from those fibers running between the nerve cells and 
the periphery of the cord) during at least the first two months 
of the experiment. This, however, does not agree with our 
observations which show degenerative changes in the fiber tracts 
of the cord and changes in its nerve cells. In view of the fact 
that fowls die shortly after symptoms of neuritis manifest them- 
selves, which circumstance occurs in most cases before the 
thirtieth day of the experiment and rarely later than forty 
days, it would seem that degeneration in the cord—on the 
above hypothesis, a degeneration of disuse—would not be ex- 
pected. We were not able to confirm the assumption, as will 
be shown, that degeneration begins in and is more extensive 
in the most peripheral fibers. 

Our microscopic study comprises: 

A. Pathology. 
1. Changes in the heart. 
2. Degenerative changes in the peripheral nerves including 
the vagus. 
3. Degenerative changes in the nerve roots. 
4. Changes within the fiber tracts of the cord and brain. 
5. Changes in the nerve cells of the cord and dorsal root 
ganglia. 
6. Regeneration. 
B. Time of onset of degeneration in peripheral nerves. 
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Changes in the heart—Following our own observations that 
in those fowls showing symptoms of peripheral neuritis or pros- 
tration the vagus showed a greater or less degree of degenerative 
change, an examination was made of the heart. In the gross, 
the heart showed little or no change from normal. Hypertrophy 
was not observed. There was an absence or diminution of fat 
beneath the pericardium. In most cases the myocardium was 
of a lighter hue than normal. Pericardial fluid was never pres- 
ent in great excess. Aside from those cases of extreme pros- 
tration before death, cedema was not noticed. In some of these 
latter cases a slight edema was observed beneath the peri- 
cardium at the base of the heart. Microscopically, in the hearts 
of those fowls dead after prostration there was little to be 
observed which would indicate a pathological change in the 
musculature. A few fibers here and there were seen in the 
myocardium of the ventricles in which the cross striation was 
more or less obscure and which stained poorly. An apparent 
increase in pigment was also noted in several hearts. At most, 
we would hesitate to claim any changes further than those which 
would indicate beginning parenchymatous or mucoid degenera- 
tion. In those fowls which presented chiefly the symptoms of 
peripheral neuritis it was even more difficult to observe changes 
which could be considered pathological, and in some cases no 
change whatever was to be noted. 

Degeneration in the peripheral nerves. The vagus.—Degen- 
erative changes, as shown by the Marchi method, were observed 
in all the cases examined. Plate III, figs. 5 and 6, illustrates 
high- and low-power photomicrographs of a vagus nerve showing 
degeneration stained by Marchi’s methed. Unlike the sciatic 
nerve, however, the extent and degree of degeneration in the 
vagus did not always correspond to the severity of the symptoms 
before death, nor was the most extensive degeneration to be seen 
in the vagus nerve of those cases which showed prostration. 
Fowls in good general condition sometimes showed extensive 
degeneration in the vagus. Likewise, we were not able to 
establish an interrelation between the severity of the degenera- 
tion in the vagus and the amount of pathologic change in the 
heart. 

That there may be no interrelation between the severity of 
nervous symptoms and the systemic condition of the animal 
before death on the one hand and the degree or extent of degen- 
eration found in the vagus nerve on the other is well shown 
by the following four cases: 

Fowl 3 showed symptoms of very little peripheral neuritis 
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(slight indications of paralysis), but became suddenly prostrated. 
The vagus nerve showed almost no degeneration. 

Fowl 5 showed extreme peripheral neuritis, no prostration, 
and little degeneration in vagus. 

Fowl 6 showed marked peripheral neuritis, no prostration, 
and extensive degeneration in vagus. 

Fowl 8 showed marked peripheral neuritis, extreme prostra- 
tion, and extensive and advanced degeneration in vagus. 

The vagus nerve of fowl 13 (Plate III, fig. 5) shows the extent 
to which degeneration may progress in the vagus, and in our 
series is relatively advanced degeneration for the vagus. In the 
teased preparations of the vagus nerve of this fowl no single 
nerve fiber could be fount which did not show areas of blacken- 
ing along its course. This was found to obtain in the vagus of 
most of the cases; that is, that somewhere along its course in 
segments of the nerve from 2 to 5 millimeters long, each fiber 
showed one or more areas of blackening with the osmic acid 
of Marchi solution, At the periphery of this illustration single 
fibers may be seen showing frequent globules of fat along their 
course. In those vagi showing little degeneration the blackened 
areas are not so numerous. 

Plate III, fig. 6, is a high-power view of a teased preparation 
of the same nerve. In this there will be scen rather large glob- 
ules of degenerated myelin. This stage is about as far advanced 
as has been observed by us. It will be noted that, while there is 
a distinct globular arrangement of degenerated myelin, there is 
no vacuolation of either degenerated myelin or of the medullary 
sheath. In no case has there been observed a vacuolation of the 
medullary sheath nor a collection of degenerated myelin into 
very large globules as is found in the sciatic nerve or as is 
very characteristic in peripheral nerves which show Wallerian 
degeneration after section, There has not been observed a break- 
ing up of the axis cylinder of the fibers of the vagus. These 
observations lead us to believe that, although in polyneuritis in 
fowls each nerve fiber of the vagus may, and usually does, show 
degenerative changes by the Marchi method, this degeneration 
never progresses far enough before the death of the fowl to bring 
about the destruction of the axis cylinder. 

Cervical ganglion and its pre- and postganglionic fibers. —The 
superior and inferior cervical ganglia from several cases were 
examined by the Marchi method for degeneration. Very small 
droplets of fat, approximately one-half mieron in diameter, were 
observed in many of the ganglia cells. However, these were by 
no means numerous, ranging from 4 or 5 to 20 or 80 in a cell, 
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but not in more than one-third of the cells. In the medullated 
pre- and postganglionie fibers larger, though fewer, globules of 
fat were seen. It was found very difficult to tease the ganglia, 
and sections after paraffine embedding were made. It is thus 
quite possible that the degeneration here observed does not 
represent the full extent to which degeneration had progressed 
in these fibers. In the nonmedullated fibers no multiplication of 
the nuelei of the neurilemma was observed. Thus, while there 
are indications of degeneration in the sympathetic ganglia (that 
is, cervical ganglia) and their fibers, this degeneration is slight, 
and a careful search must be made to detect it. 

The sciatic and its peripheral branches.—Most of the investi- 
gators who have undertaken a study of polyneuritis in fowls 
have taken the sciatic as a basis for their anatomical study, and 
have confined themselves to the Marchi stain. In most cases all 
that was desired was to know if degeneration had or had not 
taken place. Thus far the Marchi method is an excellent one 
and well adapted for the purpose. On the other hand, to obtain 
an opinion as to the extent of degeneration, an indication of the 
probable changes which have occurred within the nerve, including 
the condition of the axis cylinder and nuclei of the neurilemma 
sheath, the Marchi method must be supplemented by other 
staining methods. In our study of the degenerative changes oc- 
curring in the sciatic nerve we have employed the Marchi; the 
Weigert stain for myelin sheath; the Altmann, the Benda, and 
the Meves mitochondria methods; the Golgi, Cajal, Mallory, 
fuchsin, and safranin methods for the axis cylinder; and hema- 
toxylin methods for the nuclei of the neurilemma sheath. 

As in the case of the vagus, in those sciatic nerves in which 
degenerative changes are apparent by the Marchi method, prac- 
tically every fiber shows some indication of degeneration within 
short limits of its course (2 to 5 millimeters). The degenerative 
appearances, hawever, vary within the widest limits in the 
various fibers of the same nerve. In nerves from well-marked 
cases many fibers show only slight changes—small black droplets 
or a localized slight blackening—here and there at relatively wide 
intervals, from 100 to 500 microns along their course. Other 
fibers, and these form the majority of the fibers, show more 
extensive change—larger and more frequent droplets of degen- 
erated myelin. A certain proportion of the fibers from well- 
marked cases of neuritis show advanced degenerative changes. 
These make up from 10 to 15 per cent of the fibers. Whether 
the other fibers show advanced degeneration at other places we 
could not prove beyond doubt, but regeneration experiments, 


434 VEDDER AND CLARK. 


which are usually characterized by the rapid recovery of the 
fowl, indicate that they do not. These fibers showing advanced 
degeneration are marked by the accumulation of myelin in large 
globules and droplets, a swelling and bulging of the nerve sheath 
at these points, and a disintegration of the axis cylinder. The 
largest globules usually appear vesicular and, in their center, 
segments or fragments of the axis cylinder are frequently to 
be seen. In these larger and some of the smaller globules 
the stainable material is found at the periphery and appears 
laminated. This laminated appearance is very characteristic in 
Weigert preparations and is the rule in the larger globules. 
Usually 3 distinct layers are clearly visible of which the outer 
is the thickest. Other incomplete layers and fragments are seen 
centrally. The larger globules of degenerated myelin are not 
in proximity with one another; they are separated by at least 
many microns. The space between contains a few small droplets 
of degenerated myelin. It seems otherwise almost or quite 
devoid of structural contents. In other fibers the change appears 
just as complete and the segments and globules of the degen- 
erated myelin are just as evident, but the globules are uniformly 
smaller. The same fiber may and probably does show both 
conditions at different places along its course. 

Plate II, fig. 3, b, shows a nerve fiber in which degenerative 
changes are well marked. None of the largest globules are 
shown. Small droplets are seen between the larger globules in 
the otherwise apparently empty space. In this fiber the change 
of myelin into fat scems complete, while in fiber, c, the myelin 
seems intact and quite normal in appearance. It will be noted 
that here and there the degenerated myelin fails to fill the 
neurilemma sheath. Thus an apparently empty space is left 
between the latter and the degenerated myelin. This is in con- 
trast to the condition found in those fibers containing the largest 
globules. Here the globule fills and distends the neurilemma. 

In addition to the appearance just noted, other fibers were 
seen, in the nerves where degeneration was most marked, in 
which the degenerated myelin was confined to small droplets 
which failed still further of filling up the neurilemma sheath. 
Here segments of the axis cylinder were less frequent, but 
the more or less’ indistinct granules which were taken to be 
fragments of the axis cylinder were more numerous. In others 
the neurilemma sheath appeared much shrunken or collapsed, 
nee few small droplets of degenerated myelin were contained 
within. 
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A careful study of all these fibers has convinced us that the 
successive stages of myelin degeneration correspond pretty well 
with the order just described. The earliest stage made apparent 
by the Marchi method consists of a slight swelling of the medul- 
lary sheath, which shows a diffused blackening with the osmic 
acid and slight tendency toward segmentation at the circum- 
ference. Plate II, fig. 3, a, and Plate IV, fig. 7, show such fibers.* 

Then follows the stage in which the largest globules distend- 
ing the nerve are seen. Next is the stage in which the globules 
are much smaller, though quite black and discrete, and which 
only partly fill the sheath of Schwann. In the succeeding stage, 
the globules are very small but numerous. Then follows a stage 
where the shrunken neurilemma contains only a few scattered 
droplets of fat. 

The neuravis—As stated above, the axis cylinder in those 
nerve fibers which show marked degeneration usually appears 
broken up. In the larger globules of myelin and at other places, 
segments of the axis cylinder were to be seen. Plate V, fig. 9, 
shows such a fiber. The granular appearance of the axis cylinder 
as is shown in this figure is quite typical for axis cylinders in 
fibers of this type. The segments enclosed within the globules 
of myelin which are usually curved or somewhat S-shaped also 
show this granulation when stained in certain dyes; carmine, 
acid fuchsin, Mallory’s phosphomolybdie acid, hematoxylin, ete. 

It might be remarked in this connection that many authors 
hold the view that the axis cylinder contains many neurofibrillse 
along whose course many fine granules or enlargements are 
seattered. In those fibers in which the degeneration is further 
advanced, the remains of the axis cylinder is seen; not as a 
segmented, but rather as a fragmented structure. The frag- 
ments appear rather indistinct and diffuse and contain small 
obscure granules. The appearance somewhat simulates in sec- 
tion coagulated exudate or serum. Plate V, fig. 10, a, illustrates 
the appearance of a fragmented axis cylinder after staining 
with hematoxylin and acid fuchsin. In each fiber showing 
advanced myelin degeneration the axis cylinder was broken up. 
Segments of the axis cylinder are to be seen in all the large 
globules if properly stained. Whether the breaking up of the 
axis cylinder precedes or follows the formation of the large 


“A diffuse blackening of the myelin, however, may be obtained even in 
a normal nerve by too short a mordanting in the Müller’s finid or by pro- 
longed staining in Marchi’s mixture. The tendency to segmentation though 
is absent. 
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globules must remain more or less a matter of speculation. 
Our observations lead us to believe that they occur somewhere 
near the same time. 

Certain nerve fibers observed by us from nerves showing 
marked myelin degeneration gave indications of a segmentation 
of the myclin sheath and a disappearance of myelin with a 
persistence of the axis cylinder. This, however, has not been 
sufficiently confirmed to claim it as a possible type of degeneration 
in polyneuritis. 

The nenrilemma.—The neurilemma persists throughout all 
degenerative stages and in all fibers. No fiber was seen in 
which the neurilemma could not be easily distinguished. In 
Plate II, fig. 4, showing well-marked degeneration in a fiber 
of the sciatic nerve, the typical appearance of the neurilemma 
is well illustrated. Here the sheath of Schwann does not appear 
hypertrophied nor is there present an increase in the number 
of nuclei. 

Degeneration in the proximal part of the sciatic and in its 
peripheral rami.—-All phases of the degeneration described above 
for the fibers of the sciatic were to be seen in its peripheral 
branches and no additional type was seen. On the theory that 
the affection begins in the peripheral branches and progresses 
toward the spinal cord, one would expect to find in preparations 
from a given fowl more advanced and more extensive degenera- 
tion in the peripheral rami than near the spinal cord. Further, 
that degeneration might be found in the peripheral nerves— 
those supplying the foot and lower part of the leg—and not 
be apparent in the sciatic. Our observations do not warrant 
either assumption. In two teased preparations from a given 
nerve stained by the Marchi method, it is impossible to distin- 
guish which is peripheral and which central. In both cases all 
fibers show some degeneration. As stated above, in prepara- 
tions from fowls presenting well-marked symptoms of peripheral 
neuritis, 10 to 15 per cent of the fibers show well-marked degen- 
eration. These are clearly differentiated from the remainder 
of the fibers. The number of these fibers showing marked degen- 
eration has always been found practically the same near the 
cord and in the peripheral branches; thus in fowl 37, suffering 
from marked peripheral neuritis, in 500 fibers from different 
portions of the central end of the sciatic, 51, or 10.2 per cent, 
showed well-marked degeneration. One of the finer peripheral 
rami taken from near the foot contained 585 fibers of which 
58, or 10.8 per cent, showed marked degeneration. 
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In eross sections of nerves of other fowls we found, respect- 
ively, fibers in advanced degeneration as follows: 

a. Four in a total of 208 fibers in a peripheral nerve and 5 in 285 of the 
sciatic. 

b. Five in a total of 193 fibers in a peripheral nerve and 7 in 421 of the 
sciatic, 

e. Four in a total of 154 fibers in a peripheral nerve and 10 in 368 of 
the seiatic. 

These figures represent advanced degencration in owe plane, and as noted 
above do not include all the fibers showing advanced degeneration. 

We are then unable to distinguish any anatomical difference in 
degeneration in the central portion of the sciatic and its periph- 
eral branches as to extent, degree, or time of onset. Thus 
we are of the opinion that degeneration progresses uniformly 
throughout the eourse of the fibers as has been shown to be 
the case in the peripheral portion of a sectioned nerve. Nor 
should we expect, either from the symptoms of neuritis shown 
by the fowl before death or from our knowledge of experimental 
degeneration of nerves, that in the present case degeneration 
would begin at the periphery and progress centrally. Within 
a few hours after showing the first symptoms of neuritis the 
fowl usually “comes down” and is unable to walk. The proximal 
portion of the sciatic in these fowls shows advanced degeneration. 

We know from curare experiments, fatigue experiments, cold 
block, ete., that when a motor nerve ending is placed out of 
commission, the nerve itself is of no more service than if it were 
completely degenerated or sectioned. Stimulation by any means 
whatsoever produces absolutely no effect on the muscle which 
it supplies. Now, in polyneuritis in fowls on a polished rice 
diet, should degeneration progress from the periphery, the fowl 
would show paralysis just as soon as degeneration in the periph- 
eval rami or in their end organs had progressed to a certain 
extent. This in all cases would be before degeneration to a 
similar degree or extent occurred in the sciatic (from which the 
peripheral nerves arise), and we should expect to find fowls 
that had just developed paralysis, in which the peripheral nerves 
showed advanced degeneration and whose sciatic showed only 
the earlier stages or none whatever. As stated above, we have 
not observed this condition in a single fowl. On the contrary, 
there are proportionately just as many nerves showing a break- 
ing up of the axis cylinder in the sciatic as in its more periph- 
eral rami. This, indeed, is the exact parallei of the condition 
in peripheral nerves showing degeneration after section as was 
shown by Monakow. (10) 
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According to this observer, degencration in a sectioned nerve 
progresses uniformly throughout the peripheral part. Thus the 
only condition in which we should expect to find more degen- 
erated fibers in the peripheral nerves than in the seiatie would 
be in the case of those fibers which branch as the periphery 
is approached, both rami showing degeneration. 

Nerve roots.—The nerve roots in several cases were examined 
after staining by the Marchi as well as by the Weigert and mito- 
chondria methods. Degeneration was observed in both ventral 
and dorsal roots by all these methods. However, degeneration 
was more frequent and much more pronounced in the ventral than 
dorsal roots. 

Ventral roots.—-Degeneration in the ventral nerve roots of 
the sciatic was pronounced in those eases in which degeneration 
in the sciatic was marked and degeneration in the two (i e. 
sciatic and nerve roots) was parallel and comparable; in fact, 
teased preparations from the ventral nerve roots resembled very 
closely teased preparations from the sciatic. In the ventral nerve 
roots degeneration was easily demonstrated by all the methods 
mentioned above. 

Dorsal nerve roots.—ln those cases in which degeneration was 
far advanced in the fibers of the sciatic, degeneration was dem- 
onstrated in the dorsal nerve roots. In other cases it was more 
difficult to demonstrate or was absent altogether. In only the 
most advanced cases was degeneration to be seen after the 
Marchi method. In other cases it required the mitochondria 
method to bring out the changes. Owing to the difficulty in 
teasing, the section method was frequently employed. The 
changes in the dorsal nerve roots resembled more nearly the 
earlier stages of degeneration in the fibers of the sciatic. Few 
cases were seen where advanced degeneration was present. 

The spinal cord.—Degeneration within the spinal cord was 
observed in the fiber tracts of all columns, and changes were 
observed in the nerve cells of both ventral and dorsal horns. 

The fiber tracts—When a specimen of the spinal cord from a 
normal fowl is treated by the Marchi method, it shows in both 
sectioned and teased preparations numerous small black areas. 
In teased preparations (which are very difficult to obtain) and 
in eross sections of the cord, these small black areas, which are 
about the size of the smaller globules in a degenerated nerve, 
are seen in close relation with the fibers in the cord. It is some- 
times difficult to tell whether a given globule is within the fiber 
or in apposition to it, Naturally then other methods must also 
be employed to confirm any suspected degeneration within the 
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cord, Allthe methods enumerated above (the Weigert and mito- 
chondria methods) for the myelin sheath and others for the 
neuraxis were made use of to this end. 

Plate I, fig. 2, is a photomicrograph from the anterior lateral 
portion of the white matter of the cord of a normal fowl after 
Marchi method. The black areas shown at a are the globules 
referred to, which stain black in the Marchi fluid. A careful 
inspection will show that these are not within the fibers, but 
are in close proximity to them. What these structures represent 
we have not determined. At b two fibers show enclosures which 
resemble very much the small droplets of myelin in a degenerated 
nerve fiber. These we have noted occasionally here and there, 
but have not interpreted them. However, despite these resem- 
blances to degeneration of fibers in the normal cord, the picture 
presented by a section or a teased preparation from the cord 
of a fowl with well-marked paralysis is easily distinguishable 
as one showing degeneration. 

In studying degeneration in the fibers of the spinal cord, 
sections and teased preparations were made from the thoracic 
cord. Since, as has been pointed out, the nerve roots of the 
sciatic group show degeneration, a preparation from the lumbo- 
sacral cord showing degeneration might indicate nothing more 
than degeneration in the fibers of the roots passing up or down 
the cord for a short distance. True degeneration in the columns 
of the cord would be equally apparent in the thoracic region 
where primary fibers of the sciatic group are absent. 

Plate VI, figs. 11 and 12, and Plate VII, fig. 13, are from the 
thoracic cord of fowls with marked degeneration in the sciatic 
nerve. Fig. 13 is low-power magnification of the lateral column 
of the cord (as near the pyramidal tract as we could determine) 
of a fowl whose sciatic showed marked degeneration. At a, 
v, a”, and a’ ” appearances strongly suggestive of degeneration 
within the fibers are seen. Owing to the fact that the fibers 
of the cord do not run a straight nor parallel course, it is 
extremely difficult, and much a matter of chance, to get a long- 
itudinal section which shows the course of a fiber except for 
a short distance. Plate VI, fig. 11, a low-power magnification 
of the dorsomesial (Goll’s) columns of the cord of another fowl 
with marked degeneration in the sciatic, shows at a, a’, a”, ete., 
undoubted enclosures of degenerated myelin within the fibers. 
Plate VI, fig. 12, is a higher magnification of a small area of 
the same. Whatever the other dark areas may mean, there can 


be little doubt that at a and a’ two fibers are seen which contain 
114707---2 


440 VEDDER AND CLARK. 


globules of degenerated myelin. This is especially evident at 
a, which gives the appearance of a globule from which much 
of the fat has been dissolved by the clearing agent. 

It might be claimed that, since the spinal cord gives off two 
spinal nerves at each segment of the vertebral column, the 
fibers described above might represent primary fibers from the 
nerve roots of these spinal nerves. We recognize this as a pos- 
sibility in many cases. However, it must not be forgotten that 
the fibers of Goll’s column (ascending) are secondary neuraxes 
of sensory fibers which enter the cord in the lumbosacral region; 
that is, that they are axis-cylinder processes of cells situated 
in this portion of the cord. It might be further pointed out 
that the more mesial fibers arise from cells in the lower seg- 
ments of the cord. Now, since fibers o and o, fig. 11, are such 
mesial fibers, it follows that they can not be fibers of the nerve 
roots of the thoracic spinal nerves, but are fibers of Goll’s column 
showing degeneration. ` 

If the medullary sheath of the fibers within the cord shows 
myelin degeneration, it is natural to inquire into the state of 
the axis cylinder. Longitudinal and transverse sections of the 
thoracic region of the cord have been examined after staining 
by the various methods noted above for the axis cylinder. 
Appearances of degeneration similar to those described for the 
axis cylinder of certain fibers of the sciatic have been noted 
in the fibers of all columns of the cord. These changes consist 
in segmentation and fragmentation which are evident only in 
longitudinal sections of the cord and granulation which is best 
seen in transverse section. We were unable to determine whe- 
ther relatively more fibers show a breaking up of the axis 
cylinder in one column than in another. This is due to several 
reasons. We have no stain distinctly specific for the axis cylin- 
der. The Golgi, Cajal, and other metallic methods besides 
bringing out other structures can not be relied upon to impreg- 
nate every axis cylinder; it is very difficult to stain a degenerating 
axis cylinder, and small corpora amylacea and neuroglia cells 
with their small amount of surrounding connective tissue might 
easily be mistaken for cross section of such a fiber. 

Plate V, fig. 10, which is from the posterior lateral column 
of the thoracic cord of a fowl with well-marked neuritis, shows 
at a ahd a’ two fibers with degenerating axis cylinders. The 
axis cylinder shows a granular or somewhat floceulent appear- 
ance, and probably represents an advanced stage of degenera- 
tion. As the columns of the cord are not well demarcated, we 
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are not able to say whether these fibers are ascending or descend- 
ing; that is, sensory or motor. The number of fibers of the cord 
which show undoubted degeneration in either the axis cylinder 
or the medullary sheath was in no case great—much less than 
we had expected to find. The number of the former scarcely 
make up 0.25 per cent of the total fibers in a given cross section, 
while the latter are approximately 1 per cent in the most ad- 
vanced cases. These observations lead us to believe that in 
fowls showing well-marked neuritis there is degeneration in a 
very small percentage of the fibers of all columns of the spinal 
cord. 

Changes in the brain —Similar observations in Marchi prep- 
arations were made on the fiber tracts of the medulla, pons, 
midbrain, and internal capsule of fowl 72. Degenerated fibers 
were found in each one of these brain divisions comparable to 
those found in the cord, Plate V, fig. 23. ' 

Changes in the nerve cells. Cells of the cord—One would 
expect that degeneration in the fibers of all columns of the cord 
and in the peripheral nerves would be accompanied by changes 
in the nerve cells themselves. Our attention has been confined 
chiefly to a study of the cells of the lumbosacral cord. From 
what has been said above relative to degeneration in the 
peripheral nerves and in the fiber tracts of the cord, it is evident 
that the most marked changes in the nerve cells of the cord 
would be found in the lumbosacral region. For a study of 
these changes we have employed the Nissl method, Giemsa’s 
blood stain after alcohol fixation, and the mitochrondria methods. 

Plate X, fig. 19, shows a nerve cell from the anterior horn of 
the thoracic region of a normal fowl stained by Nissl’s method. 
No nerve processes are shown. Plate X, fig. 20, is a similar 
nerve cell stained by Giemsa’s blood stain. In both cells the 
tigroid substance is well shown. 

In the spinal cord of the fowls showing well-marked degenera- 
tion in the sciatic, we have never been able to find a nerve cell 
in the lumbosacral portion, in which the tigroid substance shows 
as clear distinct areas like those in figs. 19 and 20. The stain- 
able substance shows a marked tendency to diffusion throughout 
the cell. Cells from these cords, however, were observed in 
which the tigroid bodies appeared as definite though indistinct 
globules or areas. The usual appearance of the large cells of 
the anterior horn and of the large cells of the posterior horn was 
a diffusion of the stainable material and a collection of it at one 
side of the cell. The stainable material which is granular in 
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appearance shows a tendency to group itself around the base of 
one of the processes of the cell (Plate X, figs. 21 and 22), but 
whether this process is usually the axon as shown in fig. 22, a, 
we are not able to say. This figure shows the typical appearance 
of the large nerve cells of the ventrolateral horn, from which 
the fibers of the ventral root arise, and of the large cells of the 
posterior horn around which the terminations of the sensory 
neuraxes from the dorsal root ganglia arborize. Its granular 
appearance is suggestive of a disintegration rather than a 
solution of the tigroid substance. The cells of the other parts 
of the gray matter of the cord do not show this change to such 
an extent. They stain poorly, the stain is easily differentiated 
out, and the cell has a pale appearance, The stainable portions 
are arranged in a coarse reticular network. The appearance is 
that of a cell in which the tigroid substance is vvanting. Cells 
of somewhat similar appearance are also seen in sections of the 
normal cord, but are not so numerous here. A comparison 
between the large cells of the anterior and posterior horns of the 
normal and neuritie fowl, noted above, is best made by a study 
of figs. 19 and 20 and of figs. 21 and 22. Vig. 22 gives the 
appearance of rather advanced retrogressive changes. The 
stainable material is collected at one point of the cell and causes 
a bulging here. The nucleus also suggests degenerative changes. 
This has been noted in very few cells, and the picture is the most , 
suggestive of degeneration in the nerve cells of any we have seen. 

Since marked changes in the tigroid substance of the nerve 
cells of the spinal cord can be brought about, as Nissl(11) and 
others have shown, by fatigue, direct electrical stimulation in 
excess, toxemia, and other factors, it is impossible to say that 
the changes noted in the nerve cells of the neuritic fowls 
represent degenerative changes or changes due to other causes, 
We have thus employed other methods in studying these cells, 
By the Marchi method a few very fine, intensely black granules 
ean be.seen here and there within the nerve cell. These, how- 
ever, are so scarce that their pathologic significance is probably 
very small, A study of the mitochondria of the nerve cells was 
next made. 

Of recent years a great deal of work has been devoted to the 
study of mitochondria and their significance. Mitochondria 
occur as numerous rods and granules in all the various types of 
cells of the embryo (Bensley, (12) Meves,(i3) and others) and in 
practically all types of cells of the adult, which have an active 
metabolism or which are actively engaged in secretion, as the 
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numerous researches of Meves, Benda,(14) Bensley, Regaud, (15) 
Renaut, and othersshave shown. For the great advance which 
has been made in our knowledge of this subject, we are probably 
justified in saying that mitochondria are identical with the 
“Filarmasse” of Flemming, the “Bioblasts” of Altmann, (16) 
(Meves, Bensley, and others), and are necessary for the metabolic 
and functional activity of the cell. Regaud and others have 
shown that mitochondria oceur in normal nerve cells and Cow- 
dry (17) and others have shown that they are distinct from the 
tigroid substance and that the two cecur simultaneously in the 
same normal nerve cell. One of us (Clark) has not been able to 
demonstrate them in certain pathologic cells (pancreas). An 
examination of the nerve cells of the spinal cord of the fowls 
with marked degeneration in the sciatic nerve by the mito- 
chondria method shows rods and granules in cells of the type 
which show such marked changes by the Niss! method. In the 
cells of the thoracic cord it was practically impossible to dis- 
tinguish between the cells from the normal and from the neuritic 
fowl as regards mitochondria. The rods and granules were 
perhaps a little less numerous in the latter celis, but this is far 
from being definite. A ceil with no mitochondria was not 
observed in the lumbosacral cord of the more advanced cases. 

We are thus of the opinion that, along with degeneration in 
the peripheral nerves and in the fiber tracts of the cord, there 
occur changes in certain nerve cells of the anterior and posterior 
horns of the spinal cord, which may or may not signify degenera- 
tive changes, but which probably never progress to any great 
extent before death of the fowl. 

Regeneration.—In the numerous experiments to bring about 
recovery after prostration or after pronounced symptoms of 
peripheral neuritis had manifested themselves, we have found 
that fowls show as much individual variation here as they do 
in developing the affection. Of fowls in which the symptoms 
were distinctly those of peripheral neuritis (severe in neerly 
all), recovery was accomplished in almost every case. 

The nerves from fowls, carried toward recovery by feeding 
for sixty days and which were apparently well, were examined 
for degeneration. In a majority of the fibers only very small 
blackened areas (Marchi’s method) were to be seen. From 10 
to 15 per cent of the fibers, however, showed segmentation and 
globular arrangement of the myelin and no axis cylinder. The 
globules were never large at this period, and the core of the fiber 
within the neurilemma sheath contained relatively large amounts 
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of apparently empty space. This appearance is strongiy sugges- 
tive of a partial absorption of the large gloBules of degenerated 
myelin seen in the nerves of fowls with marked peripheral 
neuritis, These observations make it probable that regeneration 
in those nerves showing advanced degeneration is very slow or 
doubtful, that recovery after ncuritis means a recovery of those 
nerve fibers which do not show advanced degenerative processes, 
and that in recovery after peripheral neuritis the fowl is able 
to do without the 10 or 15 per cent of the fibers which are 
the slowest to regenerate. Rapid regeneration after prostration 
alone confirms the anatomical findings that degeneration is fur- 
ther advanced in the nerves of those fowls showing symptoms 
of peripheral neuritis than prostration without peripheral 
neuritis. 

IH. OBSERVATIONS ON THE EARLIEST DEGENERATIVE CHANGES IN 

THE NERVES. 


Time of onset of degenerative changes in the fibers of the 
sciatic nerve.—Finding that degenerative changes were to be 
observed in the sciatic nerve of all those fowls which had been 
on a polished rice diet for thirty-five days or more, even though 
symptoms of neuritis did not manifest themselves (Plate XI, 
fig. 24), we sought to determine when the first changes are to 
be detected. From the advanced degeneration oceurring in 
some fibers of such nerves, it became evident that degenerative 
changes took place long before signs of neuritis were evident. 
It became an interesting point to determine at what period these 
degenerative changes are first to be detected. Accordingly 12 
fowls were fed polished rice and killed at varying intervals of 
time, ranging from seven to twenty-three days. Thus Nos. 24 
and 25 were killed after seven days on polished rice; Nos. 26 
and 27, after eleven ‘days; Nos. 28 and 29, after fourteen days; 
No. 30, after sixteen days; No. 31, after seventeen days; No. 82, 
after eighteen days; No. 88, after nineteen days: No. 85, after 
twenty-two, and No. 36, after twenty-three days on polished rice, 
None of these fowls showed symptoms of peripheral neuritis 
and, with the exception of Nos. 35 and 36 {somewhat droopy), 
all were lively and apparently normal. As controls 4 normal 
fowls were used. The mitochondria methods proved to be the 
most delicate and serviceable in this series, and the methods 
of Benda, Meves, Bensley, and Regaud were employed as checks 
on each other. It was found that after prolonged fixation in 
Müller’s fluid (two weeks or more in 2 or 3 changes), each 
of the above methods gave excellent results. As the iron- 
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hematoxylin method (Meves, Regaud, Rubaschkin,(18) and 
others) gives the most permanent preparations and is easy of 
application, it was most frequently employed.” 

In good preparations of a normal nerve stained by this and 
the other mitochondria methods, the medullary sheath is seen 
to contain innumerable little bacilli-like rods. When seen from 
above, the fiber gives the appearance of containing both rods 
and granules, but in a fiber which has been split down the 
middle in sectioning, so that the medullary sheath is seen only 
on either side of the axis cylinder and not above, only rods 
are to be observed. These rods arrange themselves in a general 
radial direction around the axis cylinder, but at places show 
a more or less X-like crossing. From this it is apparent that 
the granular appearance is due to an end view of the radially 
arranged rods. These appearances are identical to similar 
structures and arrangements described and illustrated by 
Nageotte(19) in the cauda equina of the guinea pig and termed 
by him mitochondria. Plate VII, fig. 14, is a photomicrograph 
of an iron-hzematoxylin preparation, and illustrates the arrange- 
ment and number of these rods in a normal nerve. Ata, a’, and 
a”, the radial arrangement of the rods is shown. This picture is 
typical of all preparations from the nerves of the 4 normal fowls 
stained by each of the mitochondria methods mentioned above. 

Fowls 24 and 25, fed for seven days on polished rice, are the 
earliest on which examinations were made in this series. Fowls 
were not killed at an earlier period than this, because it was 
thought that several days must elapse before the normal met- 
abolic balance of the fowl would be disturbed. Thus in these 
2 fowls, which serve as a check on each other, we did not expect 


“The iron-hematoxylin method for staining mitochondria is very simple, 
easy of application, and well adapted for nerve tissue. It has the further 
advantage of being permanent and it brings out the rods in sharp contrast. 
Small pieces are fixed and mordanted in Miiller’s fluid two weeks or longer, 
washed in water (twelve hours), and embedded in paraffine through xylol. 
Sections, not over 5 microns thick, are mordanted (twelve to twenty-four 
hours) in 2 per cent iron ammonia alum, washed in water, and stained 
in Weigert’s hematoxylin (for myelin sheath), eight to twenty-four hours 
in this climate. Differentiate in iron ammonia alum (1 or 2 per cent). 
Sections sometimes give clearer pictures if immediately before staining 
they are treated one or two minutes in 0.25 per cent potassium perman- 
ganate, washed in water, and placed for one or two minutes in Pahl’s 
solution of 0.5 per cent potassium sulphite and 0.5 per cent acid oxalic. 
For further details on staining mitochondria and other methods, 
see Altmann,(16) Bensley,(12) Benda,19 Meves,(13) Regaud, (5) and 
Rubaschkin. (18) 
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to find any demonstrable change from the normal. Much to 
our surprise, however, nearly all the rods had disappeared 
from practically every fiber of the seiatie shown in a longitudinal 
section through the middle of the nerve. In the smallest fibers 
a few rods were to be seen, but they were extremely scarce in 
the large fibers. This condition obtained in the sciatic of both 
fowls. The stainable material of the medullary sheath which 
demonstrated itself in the form of rods in the normal fiber here 
took on quite a different and surprising appearance. In the 
7-day fowls it was seen as smaller, or larger, irregular, branched, 
and anastomosing globules. A few fibers showed an apparent 
swelling here and there and a more or less distinet network. 
Plate VIII, fig. 15, is taken from the sciatic of fowl 24, and is 
more or less typical for both birds. The globular arrangement 
is well demonstrated—b is a fiber showing the swelling and 
network arrangement. This was confirmed by the other methods. 
This change in so short a time was so pronounced and remarkable 
that with a little skepticism the normal nerves were again 
worked over. These confirmed in every particular our first 
preparations. With considerable enthusiasm, the remainder of 
the series of fowls was examined, and a routine examination of 
all the previous fowls was begun. The results were well worth 
the trouble, for in none of these preparations was it possible to 
find a single fiber which even approached in appearance that 
of the normal fiber. It was the rarest instance that a single 
rod could be found. 

Changes in the fibers from the remainder of the series (that is, 
fowls fed for more than seven days on polished rice) were not so 
pronounced over the 7-day preparations as this was over the nor- 
mal. In fact the 11-day preparation resembles very closely the 
7-day, and it is practically impossible to distinguish the 11- or 14- 
day from an 18-day preparation. Later changes are shown in 
Plate VIII, fig. 16, and Plate IX, fig. 17. In these latter subjects, 
most of the fibers show little advance over the 7-day or over the 
next preceding stage. There is, however, to be observed a general 
tendency toward segmentation of the myelin in the 11-day, 14-day, 
et seq. A few fibers here and there, on the other hand, show 
progressive change. The stainable substance collects in larger 
irregular globules and skeins, the remainder of the medullary 
sheath being remarkably clear. (Plate VIII, fig. 16, fibers a, b, 
e. d.) In fowls which have been fed for a longer period, a few 
fibers show a still more pronounced collection of the stainable 
material into large irregular masses and segments. Plate IX, 
fig. 17 b, is characteristic of such a fiber. The other and great 
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majority of the fibers show little or no advance over the preceding 
stage. In those fibers from fowls which present symptoms of 
neuritis and whose nerves show pronounced degeneration, the 
stainable material takes on a more diffuse and somewhat homo- 
geneous appearance in a majority of the fibers. Other fibers are 
seen (10 to 15 per cent) which show an exaggeration of the 
globular arrangement. These globules are more regular in shape 
and oval in contour, and the stainable material shows a preference 
for the periphery. These resemble very much the fibers which 
show advanced degeneration by the Marchi method and are 
probably identical with them. (Plate IX, fig. 18, fiber a.) Thus 
it is evident that the fibers of the peripheral nerves of fowls on a 
polished rice diet show an early (7-day or somewhat earlier) 
change in their medullary sheath, and that in a varying percent- 
age (10 to 15) this change is progressive and leads to the condi- 
tion ordinarily termed degeneration. This can easily be followed 
in Plate VIII, figs. 15 and 16, and Plate IX, figs. 17 and 18. 


IV. THE INFLUENCE OF VARIOUS ARTICLES OF FOOD ON THE PROBUC- 
TION OF POLYNEURITIS GALLINARUM. 


in pursuing investigations into the cause of beriberi it has been 
by no means uncommon to find instances in both experience and 
the literature where beriberi has developed in spite of the fact 
that the patients had received what was supposed to be a fairly 
well-balanced ration containing rice as the staple article of diet. 
This observation has been frequently urged as an insuperable 
objection to the theory that beriberi is caused by rice diet. Ina 
previous paper(8) one of us has shown that fowls likewise de- 
velop polyneuritis when fed on diet containing a sufficiency of all 
the alimentary principles, provided no one of the ingredients of 
this diet contains the neuritis-preventing substance. It is appar- 
ent that the neuritis-preventing substance is not present in all 
articles of food, and that, in those articles in which it is present, 
it occurs in very variable amounts. It was, therefore, considered 
desirable to test certain articles that are usually included in an 
ordinary diet, in order to determine just what degree of protec- 
tion they would afford when combined with a staple of polished 
rice. 

The following experiments were performed for this purpose: 

Experiment 29,--Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of raw potatoes. One fowl developed neuritis 
in thirty-two days, 1 in thirty-eight days, and the other 2 fowls re- 
mained well after sixty-three days, when the experiment was discontinued. 

Experiment 80.—Four fowls were fed on polished rice, and in addition 
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were given daily 10 grams of boiled potatoes. One fowl developed neuritis 
after twenty-five days’ feeding, 1 fowl developed neuritis after fifty-nine 
days, and 2 fowls remained well after sixty-three days, when the experiment 
was discontinued. nn 

Ezperiment 51.—Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of white wheat bread such as is issued to troops. 
One fowi developed typical neuritis in twenty-six days, 1 in twenty-seven 
days, and 1 in thirty-two days. One fowl remained well after forty-eight 
days, when the experiment was discontinued. 

Experiment $2-—Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of raw beef. One fow! developed neuritis in 
nineteen days, 1 in forty-eight days, and 1 in fifty-seven days, while 1 fowl 
remained well after sixty-three days, when the experiment was discontinued. 

Experiment 89.—Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of boiled beef. One fowl developed neuritis in 
twenty-five days, while the other 3 fowls remained well after sixty-three 
days, when the experiment was discontinued. 

Experiment $4.—Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of dried peas. All 4 fowls remained in perfect 
health when the experiment was discontinued after sixty-three days’ 
feeding. 

Experiment 85.—Four fowls were fed on polished rice, and in addition 
were given daily 5 cubic centimeters of canned milk (Highland Cream). 
One fowl developed neuritis in nineteen days, 1 in twenty-three days, and 
1 in thirty-two days. One fowl remained well after sixty-three days’ 
feeding, 

Experiment 36.—Four fowls were fed on polished rice, and in addition 
were given daily 5 cubic centimeters of fresh cow's milk, One fowl devel- 
oped neuritis in twenty-three days, 1 in thirty-one days, and 2 fowls 
remained well after sixty-three days. 

Experiment 37—Four fowls were fed on polished rice, and in addition 
were given daily 10 grams of unroasted peanuts, One fowl died of avian 
diphtheria after twenty-eight days’ feeding without developing neuritis, 
and the other 3 fowls remained well after sixty days’ feeding. 


It should be noted that in all of these experiments the birds 
were fed these different articles of diet by hand, so that there 
can be no doubt as to what they actually received. Itisa striking 
fact that the only two of these groups that received complete 
protection were those in which the fowls were given a daily 
addition of 10 grams of dried peas and 10 grams of peanuts. 


V. SUMMARY. 


1. There appear to be three types of polyneuritis gallinarum: 

(a) A form in which the symptoms of neuritis and those 
of general prostration are combined, This is the usual form. 
When these birds are given an extract of riee polishing, they 
improve at once in general condition, but the symptoms of neuritis 
only disappear after several months of treatment. 
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(b) A form in which there is pronounced neuritis, but the fowl 
remains in good general health. These fowls will also recover 
from the neuritis after several months’ treatment with the ex- 
tract of rice polishings. 

(e) A form described above as fulminating cases, in which the 
symptoms of neuritis are absent, but in which’ greater general 
prostration occurs. These fowls recover speedily when given 
extract of rice polishings. 

2. In polyneuritis gallinarum developing after a prolonged 
diet of polished rice the heart may show no microscopic change. 
In other cases the heart may show slight qedema, a slight increase 
in pigment, or an appearance of beginning mucoid or parenchym- 
atous degeneration. 

3. While in marked cases of neuritis every fiber of the vagus 
may and usually does show degenerative changes, as indicated 
by the Marchi method, no fiber has been observed in which the 
change was far advanced. We have not been able to correlate 
the extent of degeneration in the vagus with the change in the 
heart nor with the severity of the symptoms before death. 

4. No marked changes suggestive of degeneration have been 
observed in the cervical sympathetie ganglia nor in the post- or 
preganglionic fibers. 

5. In every one of the 56 fowls which had been fed thirty- 
five days or more on polished rice, changes indicative of degen- 
eration (Marchi method) were seen in the fibers of the sciatie 
nerve, regardless of whether symptoms of neuritis had or had 
not manifested themselves before death. (Plate II, fig. 3, and 
Plate XI, fig. 24.) 

6. Advanced degeneration in the peripheral nerve fibers mani- 
fests itself by a change in both myelin sheath and in the axis 
cylinder. The myelin sheath breaks up into globules and drop- 
lets, which stain black in the Marchi solution—indicative of 
fatty degeneration. The axis cylinder breaks up into segments 
or disintegrates in all those fibers showing advanced degeneration 
in the medullary sheath. (Plate V, fig. 9.) 

7. The degree of degeneration in the sciatic nerve corresponds 
closely with the extent of the paralysis of the legs. Advanced 
degeneration was observed in only 10 to 15 per cent of the fibers 
of the sciatic nerve of fowls showing. pronounced symptoms of 
leg paralysis. In the remaining fibers the change was not ad- 
vanced. 

8. We could detect no difference in the degeneration in the 
sciatic and its peripheral branches either as regards extent or 
time of onset. 
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9. Degeneration was observed in both dorsal and ventral nerve 
roots, being most pronounced in the latter. 

10. Degenerative changes in both axis cylinder and medullary 
sheath were seen in fibers of all columns of the thoracic spinal 
cord. (Plate V, fig. 10, Plate Vi, figs. 11 and 12, Plate VII, 
fig. 13.) 

11. Changes were observed (Nissi method) in certain large 
cells of both ventral and dorsal horns of the gray substance of the 
lumbosacral cord. In the cells of both horns, the tigroid bodies 
were not visible, and the stainable material was collected at one 
side of the cell around the base of one of the processes. Cells 
were occasionally seen whose nuclei stained very poorly. (Plate 
X, fig. 22.) 

12. Mitochondria were observed in the nerve cells of the lumbo- 
sacral cord, even though there was a pronounced alteration of 
the tigroid bodies. The mitochondria here were of similar ap- 
pearance and almost or quite as numerous as in corresponding 
cells of the normal cord. 

13. In the medullary sheath of fibers of the sciatic nerve of 
normal] fowls numerous small, bacilli-like rods, arranged radially 
around the axis cylinder, were made apparent by the various 
mitochondria methods. These structures are probably mito- 
chondria. (Plate VII, fig. 14.) 

14. Fowls show alteration in the meduliary sheath of the 
sciatic fibers after only seven days on a polished rice diet. In the 
sciatic fibers of fowls fed for seven days on polished rice alone, 
the rods are scarcely to be observed, Instead, the stainable 
material shows remarkable alterations and occurs in the form of 
irregular, branched, and anastomosing masses. (Plate VIII, 
fig. 15.) 

15. In fowls fed for a longer period, these masses show, in 
a certain percentage of the fibers, progressive changes which man- 
ifest themselves in the form of more definite skeins and seg- 
mentations and larger masses and globules of stainable material. 
In fibers showing marked degeneration by the Marchi method 
these occur as larger or smaller vesicular, oval globules and 
correspond to the black globules shown by the Marchi prepara- 
tions. Plate VIII, fig. 16, and Plate IX, figs. 17 and 18 illustrate 
these changes. ` 

16. When fowls are fed on polished rice and in addition given 
some protective substance, such as is contained in extract of 
rice polishings or in various foods, but in insufficient quantity 
to confer complete protection, the disease appears in its char- 
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acteristie form and with all the evidences of nerve degeneration, 
but after a prolonged incubation period—forty-five to ninety 
days, or even after one year of such feeding (Eijkman). 

17. When fowls are fed on polished rice and in addition receive 
daily 10 grams of white wheat bread or 5 cubic centimeters of 
canned milk, they receive little or no protection from polyneuritis 
gallinarum, > 

18. When fowls are fed on polished rice and in addition receive 
daily 10 grams of meat cooked or uncooked, 10 grams of potatoes 
cooked or uncooked, or 5 cubic centimeters of fresh cow’s milk, 
they receive partial protection as indicated by the prolongation 
of the incubation period. 

19. When fowls are fed on polished rice and in addition receive 
daily 10 grams of dried peas or 10 grams of peanuts, they receive 
complete protection for at least sixty days. 


VI. CONCLUSIONS AND DISCUSSION. 
CONCLUSIONS. 


1. In addition to the changes demonstrated above, Funk(22) 
has shown that chemical changes take place in the brains of 
fowls suffering from polyneuritis gallinarum. It therefore ap- 
pears that the disease is not simply a peripheral neuritis as has 
been generaily supposed. On the contrary, the entire nervous 
system is affected. 

2. The symptoms of the disease are not chiefly referable to 
degeneration of the peripheral nerves, since the degeneration 
occurs before symptoms arise, and because advanced degenera- 
tion may be present accompanied by no symptoms at all, and 
because degeneration of the nerves remains after recovery has 
occurred. 

DISCUSSION. 


It is apparent from this study that the symptomatology and 
pathology of polyneuritis gallinarum can not be regarded as 
identical with that of beriberi in man. We have never observed 
any cedema in fowls at all comparable to wet beriberi in man, and 
while there are undoubtedly slight changes in the heart of fowls 
suffering from polyneuritis, there is none of the hypertrophy 
which is such a characteristic finding in human beriberi. In 
spite of these facts, however, there is more similarity than differ- 
ence between the two diseases. 

When we consider the etiology of the two diseases, the case is 
different. The experiments of Fraser and Stanton(23) and of 
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Strong and Crorvell(24) prove beyond the shadow of a doubt that 
beriberi in man is the result of a too nearly exclusive diet of 
polished rice, or of other foods lacking in the neuritis-preventing 
substance. It has been proved beyond question that polyneuritis 
of fowls is due to a similar diet. The cause of the two diseases is 
therefore the same. Therefore, the conelusion already published 
by Chamberlain and Vedder(6) “that the two conditions are 
due to the same pathological process causing slightly different 
manifestations in diverse species” is abundantly justified. Since 
this is the case, it is evident that we may deduce some important 
facts concerning the relation between diet and beriberi from the 
above feeding experiments on fowls. 

Both meat and potatoes contain a certain, but relatively small, 
amount of the neuritis-preventing substance. This explains the 
immunity from beriberi of those races whose main articles of 
diet are meat and potatoes. On the other hand, the man who 
eats a pound of polished rice daily with a small or occasional 
addition of meat will not receive complete protection from beri- 
beri, although the onset of the disease may be delayed by the meat 
thus eaten. Eijkman showed that fowls fed entirely on potato 
starch did not develop polyneuritis. This confirms our observa- 
tion that potatoes contain the neuritis-preventing substance. 
If men live chiefly on potatoes, as many Irish peasants have 
often done, they will be protected from beriberi, but a diet of 
polished rice with a small addition of potatoes would result in the 
production of beriberi. 

Our observation that ordinary white bread is quite lacking 
in the neuritis-preventing substance is also interesting. This 
confirms the observation of Holst (25) that animals fed on wheat 
bread developed neuritis while those fed on rye bread did not. 
Beriberi began to appear on Norwegian sailing ships in 1894, 
when the diet of the sailors was changed. Prior to that date they 
ate largely rye bread. Subsequently they received wheat bread 
and developed beriberi. The occurrence of ship beriberi among 
sailors who live chiefly on bread or hardtack made of white or 
overmilled wheat flour is thus explained. 

j Little (26) has also recently reported the oceurrence of beriberi 
in Labrador and Newfoundland among a native population living 
during certain seasons almost exclusively on white wheat flour. 
This has been taken in some quarters as throwing doubt upon 
the theory that beriberi is produced by a diet of polished rice. 
However, since polished rice only produces beriberi because of 
its deficiency in the neuritis-preventing substance and since 
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wheat flour is shown to be similarly deficient, this observation 
is a strong confirmation of that theory. It is evident that we 
can not prevent beriberi by adding bread to the ration. 

The experiments show that peas and peanuts possess the prop- 
erty of preventing the disease equally with beans or mongos 
(katjang idjo). It is probable that most leguminous seeds 
possess this property. This is of practical importance since 
it indicates that peas will be equally as efficacious as beang in 
preventing beriberi when added to a ration for use on shipboard 
or for natives subsisting chiefly upon rice. 

Tt will be noted that both meat and potatoes when cooked ap- 
peared to afford more protection than when eaten raw. It had 
been expected that the reverse would be the case, since it was sup- 
posed that some of the protective substance might be destroyed 
by cooking. We are at present unable to account for the fact 
that the cooked food appeared to afford greater protection than 
raw food. These experiments, however, dispose of the objection 
so often raised against the deficiency theory that men who eat va- 
rious quantities of other food in addition to the staple diet of rice 
may nevertheless develop beriberi. It is clearly shown that most 
articles of diet contain only small amounts of the protective 
substance, and that when even moderate quantities. of many 
foods are added to a staple of rice, which practically contains 
none at all, the deficiency still exists. 

Funk(27) has apparently isolated the neuritis-preventing sub- 
stance from rice polishings and other foodstuffs, and has shown 
that it is an organic base probably belonging to the pyramidine 
group having a formula of C,,H,,N,O, and a melting point of 
233° C. This base, or vitamine as Funk calls it, was precipitated 
by phosphotungstic acid. Chamberlain, Vedder, and Williams (7) 
had already tried this method unsuccessfully, but they do not 
regard their failure as disproving Funk’s results, owing to the 
fact that their extract was prepared in a slightly different manner 
from that used by Funk. 

Accepting Funk’s discovery as correct, from the above con- 
clusions we deduce the following: The organic base or vitamine, 
which prevents the development of polyneuritis gallinarum 
and which is present in varying amounts in different foodstuffs, 
is a building stone which is essential for the normal metabolism 


“Little also showed that the disease in Labrador could be prevented and 
cured by the use of bran or polishings from wheat, thus clearly demon- 
strating that the disease in this case was also due to a food deficiency. 
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of nervous tissue. Moreover, a certain amount of this vitamine 
is necessary for each fowl constantly as is shown by the fact 
that degeneration of the nerves may be demonstrated within 
seven days after the supply of this vitamine is cut down by a 
polished rice diet. The amount nece: however, varies for 
different fowls according to their individual idiosyncrasy, be- 
cause, as has been shown, some fowls are more susceptible to this 
deficieney than others. If the supply of vitamine is cut down by 
feeding on polished rice, or any other dietary which contains an 
insufficient amount of this substance, the normal metabolism of 
the nervous system at once suffers. Should this faulty diet be 
continued, the degeneration of the nervous system progresses 
steadily, until a point is finally reäched when the symptoms of 
polyneuritis appear. Even though the amount of this necessary 
substance is reduced only very slightly below the quantity essen- 
tial for a given fowl, degeneration occurs though more slowly, 
and the symptoms of neuritis will appear if the reduction be con- 
tinued for a sufficient length of time. 

The question naturally arises if this vitamine is essential to 
normal nervous metabolism, why are any fowls on a polished 
rice diet protected from polyneuritis gallinarum end any men 
from beriberi? This is probably due to the fact that the meta- 
bolic processes are much more active in some individuals than in 
others. Those fowls whose metabolic processes are very active 
require larger amounts of vitamine, and succumb most promptly 
on a diet of polished rice. In those fowls whose metabolic proc- 
esses are more sluggish, the incubation period is longer. Itis 
probable that even polished rice contains a trifling quantity of 
this vitamine in comparison with other food. Therefore, some 
fowls whose metabolism is exceptionally sluggish may be able to 
subsist for some time on this polished rice without developing 
neuritis. However, in most eases this protection is not complete 
as is shown by the fact that degeneration may be demonstrated in 
their nerves, although they are apparently in good health. Prob- 
ably in most instances the protection apparently enjoyed by some 
fowls on polished rice is only partial, and if the diet be continued 
long enough practically all will succumb. The interesting case 
related by Eijkman where the fowl developed neuritis only after 
a year’s feeding is a case in point. The same explanation will 
account for the fact that some men are more susceptible to beri- 
beri than others and that some are apparently exempt. From 
the fact that the incubation period in man averages three or 
four months as compared with only twenty-six days in the fowl, 
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we may infer that the amount of vitamine required by man is 
much less proportionately than that required by the fowl. 

The question of loss of weight also requires some elucidation. 
It is quite apparent that if the metabolism of the entire nervous 
system suffers from the loss of this vitamine, the rest of the body 
tissues will also waste away as a result and there will be great 
loss of weight. But how account for the loss of weight that 
occurs in fowls fed on polished rice, but which have received this 
substance in extract of rice polishings? It is belieyed that the 
loss of weight in these cases may be due to the fact that the fowl 
living on this diet is not in equilibrium of metabolism with regard 
to other substances. For instance, it is quite possible that it is 
suffering from a deficiency of fat, of phosphorus, of potassium, 
and of other substances that are deficient in polished rice. This 
is quite enough to account for the loss of weight in these cases. 

The cause of the great prostration in this disease should also 
be considered. Some birds present this symptom while others do 
not. We have seen that the degree of degeneration of the vagus 
bears no relation to the degree of prostration of the fowl, and 
that there is not sufficient change in the heart to account for the 
sudden death. It is highly improbable that the prostration is 
due to the peripheral neuritis. There are several possible expla- 
nations of this phenomenon. Since the entire nervous system 
is probably affected in this disease, we can easily suppose that 
this general prostration occurs when the higher nerve centers 
either in the brain or the cord are affected by the degenerative 
process. 

On the other hand, a most attractive hypothesis presents itself 
to account for this condition. Let us suppose that rice polish- 
ings and other foods contain two substances or vitamines that 
are essential for proper metabolism. One of these is the neuritis- 
preventing substance, and the other a substance that prevents 
general prostration, cardiac failure, ete. This hypothesis would 
account for the three classes of symptoms observed in fowls 
suffering from polyneuritis. Those cases belonging to class 1 
evidently suffer from the deprivation of both vitamines. The 
cases in class 2 suffer from deprivation of the neuritis-preventing 
vitamine, but have received sufficient of the second vitamine 
to prevent the occurrence of prostration; while those fowls in 
class 3 have received sufficient of the neuritis-preventing vitamine 
to defer at least the symptoms of nerve degeneration, but not 
enough of the second vitamine to prevent their dying of general 


prostration. This supposition would account for the three types 
114707-—-3 ` 
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of beriberi in the same way. It would also offer a rational 
explanation for the confusing fact observed in ship beriberi, that 
neuritis is sometimes apparently entirely absent, and is usually 
slight, while in other cases the neuritis is pronounced. On 
account of this fact, many observers such as Nocht have not been 
willing to accept ship beriberi as true beriberi. If this explana- 
tion were correct, this difficulty would disappear, for it would 
evidently be possible for the symptoms of wet beriberi and the 
symptoms of polyneuritis to be mixed in all sorts of forms 
depending upon the proportions of these two essential vitamines 
that were present in the diet consumed in each case. Moreover, 
this hypothesis might account for the existence of the disease 
epidemic dropsy which some observers have thought to be a form 
of beriberi while others have denied this. Epidemic dropsy 
according to this theory would be caused by the lack of this 
second vitamine. There are many indications that this hypoth- 
esis may be the correct one, but at present experimental 
evidence is lacking to prove its validity. Experiments are being 
continued by Vedder and Williams, 

The degeneration found in the cord presents another field 
for speculation. It is generally believed by physiologists that 
the fibers of the cord are incapable of regeneration. Yet here 
we have an instance where degeneration has undoubtedly oc- 
curred and where apparently complete recovery also takes place. 
Can this recovery occur without regeneration of these fibers 
of the cord hy the process of training other fibers to assume 
the function of those that have been destroyed, or does regenera- 
tion of these fibers actually occur? 

In order to study regeneration of the nerves, several fowls 
suffering from pronounced polyneuritis were saved by adminis- 
tration of extract of rice polishings. It was observed that after a 
few days a pronounced spasticity, similar to that observed when 
the symptoms of neuritis were first manifested and described 
above, set in. This spastic condition remained for two months 
after daily administration of extract of rice polishings was 
commenced, without apparent improvement. It then suddenly 
disappeared in a single day. On one day, the fowl was hardly 
able to totter about on its toes, and on the next day it was walking 
about like a normal fowl. Nor was this an isolated observation, 
Two questions are suggested. What is the cause of this Spas- 
ticity, and what causes it to disappear suddenly? In this connec- 
tion we may recollect that the symptoms of paralysis also often 
appeared in a single day, although the degeneration of the nerves 
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was very gradual. The sudden appearance of the paralysis 
and the immediate cures reported by Funk after administration 
of the vitamine could be explained if this vitamine constitutes 
an essential element for the metabolism of the nerve cells. The 
changes found by us in the nerve cells of the cord appear to 
lend support to this view. These changes are probably not 
a true degeneration, since similar changes have been observed 
in nerve cells after fatigue. The paralysis, therefore, may ap- 
pear suddenly when the nerve cells become exhausted from 


the lack of this vitamine essential to their metabolism, and ` 


disappear equally promptly when this substance is supplied in 
sufficient quantity. 

A definite answer to all of these questions is manifestly beyond 
the scope of this paper. However, the questions which have 
been raised by this study make it certain that this interesting 
disease of fowls deserves further investigation, and we may 
expect our knowledge of the metabolism and pathology of the 
nervous system to be greatly extended by such work. 
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of all the drawings. 
PLATE I, 


Photomicrograph of a teased preparation of sciatie nerve from a 
normal fowl. (Marchi method.) Zeiss 4 X 4 mm. 

Transverse section of lateral fiber column of thoracic spinal cord 
of normal fowl. (Marchi method.) At (a) blackened masses 
are seen in close proximity to the fibers. At (b) the black 
globules appear to be within the fiber. 


PLATE II. 


Photomicrograph of a teased preparation of the sciatic nerve of 
fowl 6, (Marchi method.) For two days this fowl had been 
unable to stand, but appeared to be in good condition otherwise. 
Different stages of degeneration are here illustrated. Note oc- 
casional globules of degenerated myelin in some fibers (a), a 
diffuse blackening of the medullary sheath with indications of 
segmentation in fiber (b), and large globules of degenerated 
myelin in fiber (c). Zeiss 4 X4 mm. 


. Fiber from sciatic nerve of fowl 6, showing advanced degeneration. 


(Marchi method.) Note large globules and small droplets of 
degenerated myelin and clear spaces between. The neurilemma 
„sheath is well shown. Zeiss 4X 4 mm. 


Prats III. 


eased preparation of vagus of fowl 13 (good general condition, 
but unable to walk since three days). (Marchi method.) This 
figure shows relatively advanced degeneration (for our series). 
Numerous large globutes of degenerated myelin are seen here 
and there. At the periphery where the individual fibers are 
best seen, globules are to be observed at frequent intervals in 
every fiber. Zeiss 4X AA. 


„ High-power magnification of an area of the same preparation. 


PLATE IV. ` 


Drawing of a nerve fiber from the sciatic to show early stage of 
myelin degeneration. (Marchi method.) Note diffuse blacken- 
ing, tendency to segmentation (s), and beginning globular ar- 
rangement of the myelin (G); (m) is nucleus of neurilemma 
sheath. Zeiss 4 X4 mm. Apochomatie (2). 


. From a transverse section of a sciatic nerve showing marked 


degeneration, to illustrate the percentage of fibers showing vary- 
ing degrees of degeneration in a given plane. A majority of 
the fibers show blackening to some extent. a, b, c. etc, are cross 
sections of the larger globules of degenerated myelin. Zeiss 


2x 4 mm. Apochomatic. 
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PLATE V. 


Fic. 9. Advanced degeneration in a nerve fiber from the sciatic, showing 
also segmentation of the axis cylinder. Swelling of the medul- 
lary sheath and the granular appearance of the axis eylinder 
are well shown: a, axis cylinder; m, node of Ranvier. Hæma- 
toxylin and acid fuchsin. Zeiss 3 X ‘yz ofl immersion. Reduced 
one-half. j 

10. Gross section of fibers of the ventromarginal column of the thoracie 
cord from fowl 14, showing pronounced symptoms of peripheral 
neuritis and marked degeneration in the sciatic nerve. At o and 
a’ two fibers are seen in which the axis cylinder has undergone 
fragmentation and granulation. Hematoxylin and acid fuchsin. 
Zeiss 4 X Din oil immersion. 

28. Fiber from the ventral portion of the midbrain of fowl 72 with 
pronounced neuritis. Small globules of degenerated myelin are 
clearly seen. Marchi method. Leitz 3 x 6. 


PLATE Vi. 


Fic, 11. Transverse section of the posterior columns of the thoracie cord 
of fowl 14, showing pronounced symptoms of peripheral neuritis 
and marked degeneration in the sciatic. At a, a’ and a”, three 
fibers are seen which undoubtedly contain globules of de- 
generated myelin. Marchi method. Zeiss 4 x AA. apr. 

12. High-power illustration of same preparation as fie. 11—dorso- 
marginal (Gall's) column. Degenerated areas within the 
fibers are clearly seen at a and a. Marchi method. Zeiss 
4X4 aper. 


PLATE VIL 


Fic, 18. Longitudinal section of lateral column of thoracic cord 
15, showing pronounced symptoms of peripheral neur 
marked degeneration in the sciatic nerve. Ata, a’, a”, and 
a”, fibers are seen containing globules and droplets of de- 
generated myelin. Marchi method. Zeiss 4 AA. aper. 

14. Longitudinal section of the sciatic nerve of a normal fowl stained 
by the mitochondria (iron-hematoxylin) method. The stain- 
able substance is seen in the form of little rods arranged 
radially around the axis cylinder. Note fibers a, a’, and a”. 
At a the rods show a tendency to cross. Zeiss 4 X 4 aper. 


Puare VII. 


Fic. 15. Longitudinal section of the sciatic nerve of a fowl fed for seven 
days on polished rice to illustrate the changes in the medullary 
sheath. The stainable substance is seen as larger or smaller 
irregular and branched masses. In fiber b a network formation 
is seen. Mitochondria (iron-hematoxylin) method. Zeiss 4x 4 
aper. 

16. Same, from a fowl fed for eleven days on polished rice. The 
segmentation is a little more pronounced and in some fibers 
the masses are larger. Note fibers a, b, e, and d. Zeiss 4x4 
mm. aper. 
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PLATE IX. 


7. Longitudinal section of the sciatic nerve of a fowl fed for 


eighteen days on polished rice. In fiber b, the stainable ma- 
terial has collected into larger masses which in places coalesce 
into globules, b. Mitochondria (iron-hematoxylin) method. 
Zeiss 4X 4 mm, aper, 

Longitudinal section of the sciatic nerve of fowl 14, showing 
Pronounced symptoms of peripheral neuritis and marked de- 
generation in the sciatic. Globules are more disercet than 
in fig. 17, and the stainable material is for the most part at 
the contoured periphery of the globules, a. The other fibers 
show a diffusion of the stainable material. Mitochondria 
(iron-hamatoxytin) method. Zeiss 4 x 4 mm. aper. 


PLATE X. 


Nerve cell from spinal cord of normal fowl. Nissl stain. 
4X4 mm, 

Same. Giemsa blood stain. 

Nerve cell from ventrolateral group of the lumbosacral cord of 
a fowl (No. 48, twenty-four days on polished rice) with 
marked paralysis of the legs and marked degeneration in the 
sciatic. The tigroid bodies are no longer apparent. The stain- 
able material which appears granular has collected at one 
side of the cell around the implantation cone (a) of the axis 

ylinder. Giemsa blood stain. Zeiss 4X D- 

Nerve cell from same preparation as fig. 21, same group. Note 
bulging of cell at a where the stainable material is collected 
in one m: The nucleus, », shows degenerative changes. 
Zeiss 4X Me oil immersion. Camera lucida, reduced ! 


Pharr XI. 


Fensed preparation (Marchi method) of the sciatic nerve of 
fowl 16 which was fed for thirty-five days on polished rice 
without showing any symptoms of ncuri At a, a fiber 
seen showing advanced degeneration. Other fibers show les 
marked change. Zeiss 4 X 4 mm. 
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The definitions, while concise, are comprehensive, and the correct 
pronunciation, the capitalization, and the derivation of the words 
are given. By the use of thin but opaque paper and small but 
clear-cut type, compactness is secured without sacrificing com- 
pleteness or legibility, while reference is facilitated by printing 
the words in heavy type and making them project beyond the 
line of the paragraph. The work is supplemented by many 
anatomical, clinical, posological, and therapeutical tables and by 
a large number of good plates, many of which are colored. The 


book is well and attractively bound in limp red leather. 
E. L. W. 


Contributions to Medical Science by Howard Taylor Ricketts 1870-1910. 
Published as a Tribute to his Memory by his Colleagues under the 
Auspices of the Chicago Pathological Society. The University of 
Chicago Press. Chicago, Illinois. 1911. Pp. 497. Cloth. 

This volume, in which are collected all of the original papers 
of investigations published by Doctor Ricketts and his pupils, 
forms a worthy memorial to this brillant young man who had 
accomplished so much, who gave such promise for the future, and 
who sacrificed his life to science. A statement by the Committee 
of the Chicago Pathological Society appointed to prepare a suit- 
able memorial and a short biography of Doctor Ricketts by 
Ludvig Hektoen forms a suitable introduction to the volume. 
The earlier papers on blastomycosis and imamunology are 
important contributions to medical science, but it is the work on 
Rocky Mountain spotted fever and typhus fever that established 
the reputation of Doctor Ricketts as a brilliant investigator. 
Rocky Mountain spotted fever was a disease of unknown etiology 
which occurs in certain regions of Montana and adjacent states 
and which was supposed to be communicated to man by the bite 
of a tick. Doctor Ricketts concluded that this disease is caused 
by a smail bacillus which he was unable to cultivate on artificial 
media and which is transmitted from man to man by the bite of 
a tick, Dermacentor occidentalis, occurring in the region where 
this disease is endemic. He further proved that there is a hered- 
itary transmission of the specific microörganism from tick to its 
offspring through the egg. These discoveries, if substantiated, 
are not only of importance as elucidating the etiology and 
epidemiology of the disease under consideration, but they dis- 
closed new biological principles that promise to be of great. 
significance to medicine. ' Hitherto it had been believed that 
only protozoan and spirocheete diseases were transmitted by ticks 
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and that only such diseases were capable of ‘passing from the 
adult invertebrate host to offspring through infected eggs. Doc- 
tor Ricketts has shown that both of these processes can occur 
in bacterial diseases. How important these new biological facts 
may prove to be is indicated by Doctor Ricketts’ subsequent 
investigations of typhus fever. The similarity of typhus fever, 
in some respects, to Rocky Mountain spotted fever led him to 
undertake the study of the former disease in Mexico. It was 
during this investigation that Doctor Ricketts fell a victim to 
the disease and died at Mexico City of typhus fever on May 3, 
1910. It is a source of satisfaction to know that the sacrifice 
was not in vain. Before succumbing to the disease, he dis- 
covered, as in Rocky Mountain spotted fever, a small bacillus 
which could not be cultivated upon artificial media, which is 
probably that etiologic agent in typhus fever, and which appears 
to be transmitted from man to man by the bites of the hody 


louse, Pediculus vestimenti. 
E. L. W. 


Manval of Practical Physiology. Designed for the Physiological Laboratory 
Course in the Curriculum of the American Association of Medical 
Colleges. By John C. Hemmeter, M. D., Ph. D, LL. D. With 55 
illustrations. Philadelphia, P. Blakiston’s Son & Co, 1012 Walnut 
Street. 1912. Pp. i-xxii+1-223. Price $2.50. 

One is favorably impressed on first opening this book. The 
paper, type, and illustrations are good. The preface, but for a 
passage or two, might lead the reader to expect an improvement 
over the older manuals. Disappointment, however, begins with 
the first page of the book proper and increases as one reads 
further. The directions lack in definiteness, are wordy, and con- 
descending. They contain irrelevant facts and irrelevant discus- 
sions, they dwell on nonessentiajs, new matter is introduced 
inopportunely, and inaccuracies abound. One or two quotations 
will give an impression of the inaccuracy of thought and of 
expression that pervades the book. On page seven, after the 
statement of the equation for the strength of the electric current, 
we read: “A simple example (presumably of the “electric cur- 
rent”) is the flow of water through a nozzle of a syringe.” And 
after speaking further about the syringe we find this: “Now 
if the nozzle of the syringe is longer (pressure same) less H,O 
would flow, or if the hole in the nozzle is made smaller the 
same would happen, because in both cases resistance is increased. 
Applying this to the electrical circuit we learn that the longer 
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or thinner the conductor the greater the resistance and the less 
the flow of current.” Thus endeth the discussion on “Electrical 
Measurements.” This fault of inaccuracy, glaring as it is, is 
of minor importance, however, compared with another fault 
which mars the book. Instead of presenting the data obtained 
from the experiments in such a way as to lead the student to 
reason on the facts presented and so to develop the scientific 
attitude and habit of thought, the author presents to the student 
the conclusions ready made, and thus anticipates and forestalls 
all independent thought, making scientific training impossible. 
A. O. SHAKLEE. 


Veterinary Bacterielogy. A Treatise on the Bacteria, Ycasts, Molds, and 
Protozoa Pathogenic for Domestic Animals. By Robert Earle 
Buchanan, Ph. D. With 214 illustrations. Philadelphia and London, 
W. B. Saunders Company. 1911. 

In view of the seope of a work of this character it is quite 
impossible for a man of average training in the subject to pass 
a critical judgment upon the accuracy of all phases of the subject 
matter. In glancing through a book for this purpose one natur- 
ally pauses at the topics with whieh one feels especially familiar 
and subjects the statements of the author to scrutiny. Judged 
by such a method, the book is satisfactory and up to date with 
few exceptions. 

The space devoted to Von Pirquet’s cutaneous tuberculin re- 
action might better have been allotted to a discussion of the 
intradermal test for tuberculosis in cattle as described by Moussu 
and Mantoux. Their work -was confirmed by Ward and Baker 
in a paper published in the Procecdings of the American Veteri- 
nary Medical Association for 1910 and in the American Veteri- 
nary Review for November, 1910, page 184. It is hoped that 
by the time the book is revised the intradermal test will have 
won more general recognition. 

A review is not quite complete without a criticism of the use 
of at least one word. With ail humility for my own short- 
comings it is pointed out that the author uses the word epidemic 
instead of epizodtic on page 302. On the same line Dr. Brim- 
hall’s identity is masked by an unfortunate typographical error. 
Elsewhere the spelling of Johne is distorted by the addition of s. 

In discussing antirinderpest serum the author accepts, as have 
many others, the statement of Kolle and Turner that “An injec- 
tion of 50 to 100 cubic centimeters of the serum so secured will 
protect an animal against infection for a space of from 2 to 4 
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months usually.” The aceuracy of the experimental work upon 
which the foregoing statement is based seems not to have been 
challenged until the publication of Holmes’ work in No. 1 of the 
Indian Civil Veterinary Department Memoirs, page 72. Holmes 
considers that serum alone will protect against the inoculated 
virus for about two weeks only. The present writer, on the 
basis of experiments, the results of which have not yet been 
published, is prepared to state that serum exerts no protection 
whatever against invasion by rinderpest virus. 

The discussion of the nature of the virus of contagious pleuro- 
pneumonia would have been improved by reference to the work 
of Bordet, Borre, and others, appearing in the Annales de P’In- 
stitut Pasteur (1910), 25, No. 3. 

A. R. Warp, 


A Manual of Surgery for Students and Physicians. By Francis T. Stewart, 
M. D. Second edition with 558 illustrations. Philadelphia, P. Blak- 
iston’s Son & Co., 1012 Walnut Street. 1911. Pp, i-xì+ 1-682. Price 
84. 

This book contains the prineiples of surgery briefly and con- 
eisely stated. The manual has 31 chapters in which all the 
different diseases are considered separately. In the index, the 
most important references are placed first. It contains 553 
illustrations, all of which are fairly demonstrative. In consider- 
ing each disease, and particularly those sections dealing with 
diagnosis and treatment, the author has summarized as concisely 
as possible all of the various treatises on surgery for the student, 
physician, or general practitioner. This is very comprehensive 
and helpful, and it avoids loss of time for the reader. In a word, 
it is a useful book with clear style and logical and scientific 
arrangement. 


H 
? 


PUBLICATIONS FOR SALE BY THE BUREAU OF SCIENCE, 
MANILA, PHILIPPINE ISLANDS 


A LIST OF THE MAMMALS OF THE PHILIPPINE ISLANDS, 
EXCLUSIVE OF THE CETACEA. 


By NED HOLLISTER. 


Order No. 418. Paper, $0.50 United States ourrenoy, postpaid. 


This të the only recent attempt to enumerate the mammals of the Philippine Islands, The 
distribution of each species Is given and the original descriptions aro cited, 


PRICE-LIST OF PHOTOGRAPHS. 
For sale by the Bureau of Science. 
Order No, 417. For free dieggbutien. 


This is û list of seleoted photographs from the splendidly complete collection of the Bureau 
of Selenge, 


A MANUAL OF PHILIPPINE BIRDS. 
By Riomar C. MCGREGOR. 


2 parts, 769 pages. 
Order No. 103, Paper, $4 United States ourrenoy, postpaid. 


Mr. MoGregot spent some eight years in active field work, visiting many parts of the Archipel- 
ago, before beginning work on this book, Therefore, he was woH propared to undortake the 
preparation of tho manual. 

A Manual of Philippine Birds contains In compact form descriptions ef ali tho known species 
of Philippine birds. The usual keys and diagnoses of orders, families, and genera holp the 
novlos in identification. 

Under each species are found native, English, and soientifio ramos, distribution by Islands, 
desoriptions of the birds and in many instances notes on nesting, migrations, and other habits. 


A CHECK-LIST OF PHILIPPINE FISHE! 


By DAVID Stanz JORDAN and ROBERT RARLE RICHARDSON. 


78 pages. 
Order No. 102. Paper, $0.75 United States çurrency, postpaid. 


This list will be found a convenient guide to the synonymy of Phillppino Ichthyology, The 
mamenolature Is thoroughly revised and the distribution of each species within the Philippine 
Islands ta given, 

‘This check-list Is uniform in size and style with MeGregor and Worcester’s Hand-list of 
Philippine Birds. 


INDO-MALAYAN WOODS. 
By Fred W. Foxworrny. 


182 pages, 9 phatographio glate. 
Order No, 411. Paper, $0.50 United States currency, postpald. 


In Indo-Meleyen Woods, Dootor Foxworthy has brought togother a large amount of accurate 
Information concerning trees yletding woods of economio value. The work Is based largely upon 
the author's own experience In the Philippine and neighboring regions, but provious publination: 
and Information generousty given by other dendrologiste have been used to correlate commeroinl 
and native names of useful Indo-Malayan troes. 


PHILIPPINE WATS. 
By C, B, ROBINSON, 
Order No. 415. Paper, $0.50 United States currency, postpald. 
This paper is a concise record of the history and present condition of hat making In the 
Philippine Islands. Tho various materials used end the different kinds of hats mado In each 
center of production are fully described, Not of the least Importance are the botanical {dentifica- 
tions of the plants from which the hat matorials are obtained, 
The plates illustrate the hat materials and various kinds and grades of hats. A man of 
centrat Luzon shows the towns ohiefly concerned in this industry. 


THE COCONUT PALM IN THE PHILIPPINE ISLANDS. 
149 pages, 30 plates. 

Order No. 37. Paper, $1 United States currency, postpaid. 

The reprint contains the following articles: On the Water Relations of the Coconut Palm 
(Covos nucifera), by Edwin Bingham Copeland; The Ceconut and its Relation to Coconut Oil, 
and Tho Keeping Qualities of Coconut Gil and the Causes of its Rancidity, by Herbert $. Walker; 
The Principal Insects Aitackitig the Coconut Palm (Parts Fand 11), by Charles S. Banks; wilh 
an inligguotion by Paul C. Freor. 


A VOCABULARY OF THE IGOROT LANGUAGE AS SPOKEN BY 
THE BONTOK IGOROTS. 


By WALTER CLAYTON CLAPP. 
89 pages. 
Order No. 408. Paper, 30.75 United States currency, postpaid. 
The intraduction to this vocabulary contains notes on pronunctation, vowels, diphthangs, con- 
senants, verbs, conjugations, syllabica’ and reduplication. The vocabulary te given In Igorot- 
English and English-tgorot. 


THE NABALOI DIAL 
Ry OTTO Sennenev. 
65 pages, 29 plates. 
AND 
THE BATAKS OF PALAWAN. 
By Epwanp Y. Mars, 


T pages, 6 plates. 
Order No. 403. Paper, $0.25; half morooco, $0.75 United States currency, posipald. 
‘The Nabalot Dialect and the Bataks of Palawan are bound under one cover. 


THE BATAN DIALECT AS A MEMBER OF THE PHILIPPINE 
GROUP OF LANGUAGES. 
By OTTO Scherrer, 
AND 
“RY AND “V” IN PHILIPPINE LANGUAGES. 
By CABLOS EVERETT CONANT. 
issued under one cover, 142 pages. 
Order No. 407. Paper, $0.80 United States currency, postpaid. 
Orders for these publications may be sent to the Business Manager, Philip- 
pine Journal of Science, Bureau of Science, Manila, P. I, or to any of the 
agents listed below, Please give order number. 
The Macmillan Company, 64-66 Fifth Avenue, New York City, U. 8. A. 
Wm. Wesley & Son, 28 Essex Street, Strand, London, W. C., England. 
Martinus Nijhoff, Nobelstraat 18, The Hague, Holland. 
Mayer & Müller, Prinz Lonis Ferdinandstrasse 2, Berlin, N.W., Germany. 
Kelley & Walsh, Limited, 32 Raffles Place, Singapore, Straits Settlements, 


A.M. & 3. Ferguson, 19 Baillie Street, Colombo, Ceylon. 
Thacker, Spink & Co, P. O. Box 54, Calentta, India. 


These two papors si 


Qe ui Bý Ewengon’ B. CHRISTIN: 


121 pages; j map; 29 plates. 


Gier Nov 410.5 )-.^ 


“Sindangah Bayris. situated' on the.northern coast df-Zamboanga Peninsula: Tho-Sudanuns of ` 
‘this region were studied by Mr. Christie during two periode of five and six weeks, respectively.’ ` 
‘Tho following is an-abstraot from the contents “of, Mr. Christie's report on. the Subanunai 
houtes; industries} trades 
religlon; th», medioing’ men; 


Habitat and history, "relation with: the’ Moros; material culturi 
agriculture; family’ lifes’ sociai customs; administration of Justios; 
` ‚onremonles; tates; wordetists; physical measurements. 


THE HISTORY OF SULU. 
Dr Nasers MI SALERBY. 


257278 pagën 4, mans, 2 diagrams: 
Order No 406... 
52° Im the preparation of. hit manusoript for The History of Sulu Doctor 
H and.effort in galning neve 


| shat these records have now. been: frat 
history of the Moros In,the Fiiss) 


d and preserved In perman 
ıs from: tho earlies 


ecte, By Ramp M. Banzeor. 


` — 307 pages, 16 plated, 5 diagrame. 


` “Paper, $0.25: 


Order No. 405: 5. 


his voluma deale "with the ` êٍarlleıt. weiten records of the Mor 


inthe Mapindanso dlaleot with Arabio oharmotors: ‘The author presen) 


Magindanao are ‘recorded In five folding diagramit. 


-NEGRITOS ‘OF ZAMBALES, 


Gesi ` pe Waras ALLAN Reed. 


WË . 83 pages, 62 plates. 
. Order No. 402, ` 
tb 


Iniroduttory chapter deals with the general distribution of Negri 


` rien, amusements, and social relations of these (il men. S 


shti Plates from-photographs, the greater part of which was teken for thi 


` "7 ornamente, houses, men making fire with bamboo, bows and arrows, dar 
T the people themselyes, ` S 


PUBLICATIONS FOR SALE BY THE BUREAU 0: 
Sloss ys, MANILA, PHILIPPINE ISLANDS” 


THE, SUBANUNS. OF SINDANGAN BAY. 


“El Paper, $1.25 United States ourrency, postoi 


Mi 2 vë Tho 29 plates Ilustrate the Subanuris at work and at play; tholr industries, houses, alters, and 
`" ` Implements; and the people themselves E 


` Paper, $0.75 United States currency, postpaid, 


r Saléeby spent much tme 
to documents: ih,the possession of the Sultan of Sulu, It is fortunate 
ent form. .. This book Jè a 


times to tho American occupations 


HË STUDIES IN, MORO “HISTORY, LAW, AND RELIGION. 


aif motöcde, $0.7 United Statex currency, postpaid. 


ros in Mindanao, 
`` ` “Saleeby was fortunately ablo to obtain exact oopies of carefully preserved warty records written 
ke translations of theto as 
Well aa 26 half-tone illustrations of dertain Bages froin tho originale. “ The names of tho rulers of 


Papër, $0.25; half morooco, $0.75 United States curranoy, postpald. 


kos and with the distribue 
tion af the Philippine branch of. the race. The succeeding chapters deal with the various induv- 


X, SCIENCE, ` 


is publication, show 
nces, and varloua typen of 


CONTENTS. 


` De Paze. 
VEDDER, EDWARD Bi, and CLARK, ELBERT, A 
Study of Polyneuritis Gallinarum. A Fifth Contri- 

bution to the Etiology of Beriberi ______.__. ii. 423 
GILMAN, P. K., and CROWELL, B. C. Report of the 
Pathslogical Examinations for One Year from the 


Surgical Clinic of the Philippine General Hospital. 463 

REVIEWS : 45ê 
` U.S. 

The “Philippine Journal of Science’. is issucd as follows: currency, 


Section A. Chemical and Geological Sciences and the Industries... $2.00 


Section B, The Philippine Journal of Tropical Medicine 00 
Section €. Botany . 2.00 
Section D, General Biology, Ethnology and Anthropology (Seo- 

tion D began with Volume Y)... 202.00 
Entire Journal, Volume J, IIT, IV, or 00 
Entire Journal, beginning with Volume VI 00 
Single numbers of Volume I +75 
Single numbers (except of Volume 1) . «50 
Volume f, 1906 (nat divided into sections) 10.09 


a 
6.50 


Supplement to: Volume I (botany) 
Volume Y (without supplement) ... 


Each section is separately paged and indexed. 


Publications sent in exchange for the Philippine Journal of ‘Science 
should be addressed: Library, Bureau of Science, Manila, PL 

Subscriptions may be sent to-the Business MANAGER, Philippine Jour- 
nal of Science, Bureau of Science, Manila, P. L, or to any of the agents 
listed below: Ê û 
AGENTS, 


The Macmillan Company, 64-66 Fifth Avenue, New York City, U, S. A, 
Wm. Wesley & Son, 28 Essex Street, Strand, London, W. © England. 
Martinus Nijhoff, Nobelstraat 18, The Hague, Holland 

Muyer & Müller, Prinz Louis Ferdinandstrasse 2; Berlin, N.W., Germany. 
Kelley & Walsh, Limited, 32 Battes Place, Singapore, Stralis Settlements, 
A. M, £ J. Ferguson, 19 Baillie Street, Colombo, Ceylon. 

Thacker, Spink & Go, P. O. Box 54, Calcutta, Indie. 


Entered at the postoffice at Manila, P. l as second-olats matter, -- 


